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( 2 

1 

CMOS ic^mm-r^:»mx'^^r. 

(b) -m^f—Y ' :^^v^<Dz>%mf&Ti'^ ''rn^ 

(d) HOSaTU"r •7*-'^'fX««rt*JiVB5El^-st?— h 

(e) HS83-y-ji?-h ''rn^y.n^^if^^mm^^^yyy 
' 'rf'i-( 7.imn<Dm\!&ff—vnm^f^^r^y^7'vy 

(h) afl37'l/-< •7*-'W>^««rt*JJ:Vi!fE-b-;|t— h 30 
ifi. ■fb^W^ftS (CVD) , r^X^«iJ&CVD. 

m^m 5 ] Buie^- h mmi*^ifim 5 ninJSiiT(D;9[$ « 
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8 ] Iu35^- h#{«:AMi^ 2 0 nm'^m 3 0 0 n 

Cif*J19] yT'yy (b) <»s, Buiay- h*9ft:±tcv 
v^^*fettS»B5±3-?^>^^SfxfS-r Silts iulB 

^>^-i-^zt. :^xxmmi^i^y^ hfei!iJ^«isc:i:S 

C»:^l 1] (c) ifimy^^:^y^>^ ' y 

IfSt^mi 2] B5I3S7^ttJ^v^>4«" • ru-fej^Lii, J® 

»\'—y=mb^H»^-^s IS** 1 tiBftojErs. 

[19^ 1 4] 7.7-vy (d) CVD. r^XvM 

[iS;a^«i 5] y.7-vy {ey ifim:fs^^K>^>ir - y 

[if^s i 6] m^m:f3^^v^>if ' yu±yt.ifi^ h 

itjRfl 1 7 cgBtt®:«ras. 

[aSj^JB 1 9 ] y r (e) 3t>»«:&tt^f f^v^^- 7 
D-fe;^*^. IS*]® 1 fclBft©:)^^. 

^WR I E:rD-b;^*^x m^ffl 1 9 (ciB«©:i&ife. 

cai«JB2 1] j^T^s/T" (h) •»m-f5'&.:x-v'}'y9 -y 

Ci9:KJB2 2] S3IB4f*tt3iyf^>^ • yx^^^7.is^^ Jfi 
5R^«ia-&ifeifc: J: a-fb^flU K 5 • ai ^ > ^ • -b 
;^ *^tr> It^ii^ 2 1 {clBtt©:i&&. 

[IS:*«2 3) H!l83«:«Ftt*y^>i^ASK OH i^tTx 
it^ja 2 1 tciB«©:&as. 

[iS«JS2 4] (i) 3!)*x 



( 3 ) 

3 

[ffl:^«2 7] ffi«§^^^fbm'i^9<4:m«lsli& (CM 

OS. to -efeoTv 

'r>(|gj^&filiL-&a&tSi:x 10 

jSlft^y-bi:«:iiiASOMOS I C. 

[I9:R« 2 8 1 Bili3a«tf s Si. Ge, SiGe, I 20 
nASx.GaAs. InP^ Si/Si. Si/SiO 

* J;tFS/ U 3 > • ♦ * ( S O I ) *» 

JS2 7iC8a«<!>CMOS IC. 

ffi3Ka2 7tCffitt©CMOSIC. 

tf>^JB-?«^$tt%x 91:^2 9(Cg5fi®CMOS 
IC. 30 

-V V rS^, 2 7 ICgBttCD CMOS I c. 

[ai»:^^3 2] mim».^^v^if'^x'&iLit)i[Ssm 

it:=t— 7- -O^^mX^^ aS«JH3 ICfBttCDCMOS 
I C. 

\^>irm-smm.^tii^. 39:^3 KcgBttoc mo s 

IC. 

I89:^JB 3 4 ] mrlB'y-JK- MBi^rtCSlFlBV 40 
^l/S^Wt-Sx ffll«®2 7fc:i3«©CM0S IC. 
[000 1] 

#^(4: (CMOS) (I C) CDSIif^;&^t^li 

IBtSTf Jlt)jScv^7*— •^>^*»»ibn5x CMOS 

I CCDKf^*aclcH-r*. I^K:. ^t^WttTl/^f •5'-'^ 50 
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sfcac-y-^jt-h •'y-h;^>''>^$nfeCMos i 

(t&-y-3j«~h •-!»•- h*J:rm«![S?jlSlfe^trCMOS 

icttji^-rs. 

[0002] 

(«&*©»«]. SSfltt^tO CMOS IC®>'^7*-v 

;i/®i';^7^A«ltg©MJntJ: >) qItBi;«:-p&o eDRA 
M (att>>i*i'''f:^^ • ^>4^A .' T-^-feyii • 
U ) I3i if©:^- > • ^ ^ U C M O 

Sl&a©ffi-&*tts IC«IIB*ii;^U Ufe*SoTS«f 

ttt-ftccMos I c©/i7*— v>>^&asc#-r« 10 

[0 0 03] h5?>2^P^^'«ji©?tff«c:g|-r*fRD. h 

-c&tc, ;in6©^*i«Ri:bTtt»c©4»©3W^*n 

s. . . • 

[0 0 0 4] (a) yy,^§7KU '^o-feTiCieA. 

(b) 'f>7'^>h* J;if 7— -^;u©M^b. 

( c ) I9v^«9ay— he«(*: m 2 nmJ^lTSS) 

(d) 'ir-f<b^i'>'A»e>^-f ft^-'Vl/h'vC^S. 

[00 05] ±ffi©«fa43 J:mi6*© h ^ >s;>^i'©>'^ 
7 >>^at#t;:*JJtS-t©SBeK:H-r 5»M55:« 
l&ttT. (Ghani) ^© ri 0 0 nm^-hSJS-'^ 
7*— V>>;/<S«*CMOS (lOOn 
■ Gate Length High PerfonunceAow Power CHOS Tran 
sistor Structure) j 1 9 9 9^1 EDM7-^—itiJV • 

^r-f s?a::;^b. pp. 4 1 5^4 l 8K:Me»n«. T. 

qriet;:-r*>' f ^ftty- b *()S;?.fcMO S F E 

[0006] (Se*ttfl5©^CjSHc«*. 
•Cftl«EI!ttfcSil£tJcS!;jS*Mffl bfc e D R AMT'D-fe;^ 
V^ftS-i/"- MtiiitSMO S F E Tft«f^-rS35F 

[0 0 0 7] 

[%qa3!)<II^U<];^j:-rsaua] ;t:|&il9©-ie(ias «l 

>f a: 4;©T P -f ©» *a©7*>' W :x jif U J; D S 
v^^■v;^.;^sa»?a<J{c^^i^#^5 i i: k: i 5 tJ-5t?- Maj« 

-TJfefc^MOSFET&j^j^-rsci: 



( 4 ) 

5 

(0 0 0 8] *«W©fte<OBfl?Jtt^ • TUH • h 

5Vi?;^^'{C»«*J^itS;ifc)&<x CMOS IC® 

[0 0 0 9] *«W®$?>35:5gWH:x 1BI#T-feS3b*C 
to 0 1 0] 10 

3tJ«**v5. 20 

[001 1 ] ||(4:fititc»:. 4:M<0^^m)lT®lioxx 
[0 0 1 21 (a) ^©aiS±ty— h - J^tJ^^z^^S 

[0 0 13] (b) BuI3-r-h •:^^5'r{'©-5%mii3T 
«rt©fe5aJ^*filKU ME-y-^h f ^'©fltl© 30 

[0 0 14] (c) stFE^r-b • :^ifv^<Dmmmiim. 

[0 0 15] (d) tSFffiT'l'^f •7*-'V-f 

1^71?- h • T^/t-f :^«ai^©tlffla«Ky- > • T.if^y^ 
[0016] ( e ) B3IB-9-5K- K • T^mmt^^m 

y 7*7 'f ;i/ • 7 -< s» 7", 

[0017] (f ) H5iBTW-f -T^/WJ^fi^rt^SJltF 
*j if ©CUiffllMfc: :^ t:im.-t S ;^ v 7". 

[0 0 18] (e) safaris • T^fu 7.imn^ii.xj>^ 
•rs;<f=^y7'. 

[00 19] iii) mW&T\y-i ''rJUT.mmPHitStr 50 
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y ©MIB^i^- h »«: ©T»BHJiS«K: T h 

&iaJ:J^5;^7^v7-. 

[0020] ( i ) HifffiTl/'f • T'^^'f ;^<a«rt©i»ffi 

•^Sfi^ay— h ^i)»6aD©=^-*'y 7"7-f;i/« 

7 ;i/A;feBS{*f 4^7- y 7*. 
[0 0 2 1] ±I3:^7'5'7' (a) ~ (i) K:«v^T> » 

[0 0 2 21 ±lB:*ast:i[J*. 

J«$n-&CMOS ICd^H-r^. ^tiN 3|cf5qi9©C 
MOS I CB:i)j©4.©SiiSil-rv^So 
[0 0 2 31 rtSPfcJBfiSSttfcV— J^ifi»««*>*J:if K 

[0 0 241 Bu8BS«©-5-^HiIfBy— ;^l£t!l««*iV 
S9IB K U'f >4fct![iS«fr^*<J:vs»^±©ilfriB-9Tl«- h 

[0 0 2 51 B5I3SS®-5-&mfKy— ::^l!Stfc««*JiV 

tJKKV'f >i«sia«*^*3fet^s»«-±©Stfia7P'f • 

[0 0 2 6] 

[«ra©SI«i©jeJ!8] 1?-3K- h • *««!*© 
V'>^-\';*.;i/*ilti#-i-5 CMO s I C;£«f^-rs*atft 

*iin«Bft©ia®5&#BabTjtet:p 
[0 0 2 7] i-rEi*#fi^f St, pnatt. -y-b- 

;^ 4^ ^ ©J&fitfe J: - fiim-r 

*«IflB©«!Ji*3i^-r. «»fl<jfc:tt. H i lc5^-r«Mt±^ 
-e©±t:j&fig$nfc^;'-h • l 6^«t-SS« 

1 OSiiSiS. C©^/'~h • S«l 0©S 

jS±f::?gj5K$nfc^- 1 8 *5<tvy- hSISi* 

±t}KBE$*tfc'y- h3»«:2 0 ^iititS. Bl 1 

2 4 fc>'^^->M?Ui^>^ h 2 6 fcSr^-'^^J'-^ 
{\rS1S«2 2t.#^T•^^S. >N-S£»l»Ji:3- 
T^-f >4^*fett'^::^i'2 4a:^ KlP*©3i5'^>i^-7'o 

©am©««-ef^e>n> eiT"esiwr*J:-5c. ise*© 
7" D -fe ;^ s ffl V ^ T -e n ss8f^ -r 5 . 

[0 0 2 8] 4:%ffi7?^ffi^%filf(l 0»:^ Si. G 
ex SiGex InAs. GaAs. InP:6J:tMb© 



( 5 ) 

7 

*«Mtt*fex Sj./Si*fcttSi/SiGe«ifeV 
Ci/unv .5j-> --f ^ (SOI) iiif<Dm 

ViH-h • T^-'W 1 4 s-tcDrtajc:^. tw-t 

[0 0 2 9] ^ttte^St-^CDamcDrP-bl^SfUffl 

1 0 o^B^fcy- h • y 1 6 
WSvfaft« (cvD) . r^xvifi&cvD, 7.n-f9 

«kJ«Sr D -b ;^ J: o TJ&^$ n * . 

[0030]^- hsisii^H:. mt. . mxt. iLtz\mA so 

«ra^ffiffl-r*y— nm-HKa. 5nm 

[0 0 3 1] ifeV^f. -^li D ^fifcJI5t«-©rt^©iim® 

:fe J:i?tt<Daifi0.«-a:ro -J? 7, t: J:-3itMJ^.S*.S. 
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[0 0 3 2] -y-b '7.if-y^(Off—Vm^<DW-^\i.^ 

ttx '{;'-baM*tt<ft2 0nm~«?j3 OnmCD^SW 
U I^J 3 0 nin~ISl 15 0 nmOflt^i)* J; ») fiF* UV\« 
[0 0 3 3] ^1 O.G)*B±t;:^^— b •J^^'y^'l 6 

rD-fe>^&#tJffl Ut-y— b^fr 2 0 <08m±iBt*K:a 
^CDv^i^. fefciLtf. SiNx *fcttSI*l»±3-7=^ 

'f>^ (WT«a^^-^'vr2 4i:i*^) &j&fig-rs. fc 

ilittfx |ft«^-Vy7-2 4ttCVDv T'^XvMffijCV 
D> j;?-'^ ^ U >.^x >^lf> 3—7=- 'f>4'":fei; 

[0 0 3 4] jfet^tttBtS-s-r-^oamof^ST-D-fe 

>^ Ic^Jffl U-C*ait=^-v r 2 4 ±1:: i?;^ b 2 6 ^Ji^fig 

-f^V •JE.t?^^^ (RIE) > r^XV-3iy^> 

t:^ yt^^— 2 2tt-'t^'— b 2 6 
*J:V/<*->f*SlfiS4r*f 72 4S^. /^^-'V 

TI^H^— Y ' t'/U >^iS^[*3<D^^ b ♦ ^^^^ y^CD^T 

Ux b • 4^ «)flb©gS^v -rsrto 

[GO 3 6] v^^'— >w-$i/s?x b©i»*«'y-rb 
i^xb®Mc:es<b^Ji&^fiii'r%. c®iiffB^ii§-ey:«$ 

[0 0 3 6] T\y-( • T^-'^'f ^ifi— b • 

(t-3&t>^s ^-f b • i;*'^^) -^f^&n. -35-y-3j<-b 

tt-y- b3»«tM®e/h:^'^-:x J: *> %)Sv^;^^-x*W 
[0037] jfec. la 2 c^-r /^^->(«|-SI6 

gB^j.yf^>^- rDH:;^*ffibTs ^sm-y-b^** 



[0 0 3 8] HSfc:. a^t:ai!y^>i>^a?nfey— b 

7*7 -f ;i/ • 7 ^ 2 8 tt^r-^' f 7*7 ;i/ • 7 -f ;i/ACD 

±K:JKJ*-r*. a«J&M«7'D-bxt:H:, CVD> 7*7 

l^«^tfc:tt^S^^r^^^^^^« **?li*e(Seffl-r-5^-V' y 7*7 
-f ;p • 7 -f ;i/Att, j^-^sR K-7*-»Yb^'r * fcttflb 

m©«/JvHII8®i|i^J: D/J\dv^7^-f ;i>A€!^-r« d t. 

10 0 3 9] Bl 3 lCi5^-r«?^^r-V 5/ 7*7 -f ;i/ • 7 

*«i«-effiffl-rs^:&ttie?*7'D'bxtty- h«K*:*J: 

[0040] «li@©V^ < o*>©g5^A»e,d¥i-\» ry r7 -f 

• 7>f ;^A*amw^cR*isufem^ tu^ -T'JUT.is. 

s;^'®t-'^T©8ttlffl!lS±fc:m'«x-^— tfS OSfl^figt" 

»Sl^b^«:^^©^te«*^«•^^^5^fi*^^sx'^-t^&x am 

®^fS7'u-fe;^i:^n{cJ^<3iy^>irSjpj^bTJ&JEK 40 
•rs. X'^—- b-3 0&JgJEa-i-S©fc:fiM|-rSJ.y5=->ir 

. 7'o-fe;^^fij«bxllifi-r5« ifsJ«— h 
X«|J^rt©|»gS-r-5-y- h?!W*!:©JS|^H>^^— »f 

<x iimiix X^— y-3 0l±#«j2 nm~|t)l 0 nm©ff 

[0 0 4 1] laen^ T'l/'T •7*-'wxiSja«:fc«tv-y-3}< so 
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x€i»j«bT»e.ns. *«ii§©c©x7'5'rT€Mir 

S lo®^^{;:jf*Uv^«:&eH^-f •^y^>^«7'D 

[ 0 0 4 2 ] -y- h«fr©Baiaj^*w{^bfc^. 

y y^f^gflJigft^fig^S. ia7€:#M©Ci:. ^(♦^9 
fcttx «3){#*S^. *fettKOH56:if©«>ai.j; hfb 

[0 0 43] lasCs Ti/'f •5^>' ^ 'fx ©»«!■*- 

b •X4'Vi'©M*>:6^-vvX7-f ;i/« 7-f 

*x«x c:®iDx;^7^5/XH:. S^JC-^— hl»{*:Jc^tbT 

• XD-fexsffiffl bTSUfi-rs. -r- hsstt: 1 

8 , lag:* ^ X 2 4 . J; VX ^— tf«3|sKc3k* b ta 
SWUt sa#©S56r4tai >ir j; t y-^ h 
2 0®S»)®Sffigij^*|»5fe^So 

[ 0" 0 4 4 ] m«;*,.«^->JMi©^.«mft.'8r5r->- 

5i) A Z.w.<««M®^'- h 5 2 . y-x/ H V VMtk 

.ffiM 5 4 > iu^ftS^ 5 6 ;&;^'^^?B: G M 9_S 

#fc&»®3im© CMOS ffiaxT' x?fefijffl bx^jK 

l*©SiMb7'— — ;i/ • XD-bxfcj;oTIS»'fb**S« 
*ftS^rVyX2 4*^©'^- ^^!W*lA»^>|SS^*b35:v^^: 

[0045] ;*c^?g5fe-e©jf * bv^ll^fi^^!!S^:|| bT» 

MltciSl^bSiqSbTt:^^)^^ 3|;^99©«l44^<);tf46m' 
^aiK-r S ^1 < ^^18*5 J: tFilifflaJ fc: ±13* J; V-e©flb 
©^HSff i 5 C i:*s^S[tl5:0-S®tt|Rf#Ctt3S»$n 
J:3. b;&«ir7t;4:%qS»:;|:qS)NB t;:B5ffi$n:&a>}© 

^®46ffi®l6B(c^$n% ^©-e.&S. 
[0046] * ti&i: bTx *«re©««fcH bXiJlT 

©*JB*a^-rs. 
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11 

[0 047] (1) CMOS I C^fl^fig-rS^^T-fe 

7'Kf:rt. ( c ) Buia-y- h • :^ ^ V ® Bugaamss^s- lo 

^A-SH^m^'t^^T'^yyt. (d) BJtBTH- -5* 

;wA*l»*bTs l»«-rsiSiay-f •;^4's»^©raic: 
^-y y7"7-<;i/ • 7-f ;i'A*St-;^7'';'7'i:. (f ) mi 20 

^-hmi*^^f^*'t^:^'r^-^t:. (h) mflBTH' • 
(2) Bui3y-h •;^^'y^©H^i§3'y-^®S«i*^^ ib 

^W^N-S CCVD) X r9Xv4tJ»cvD. :;^>»"«s/ 

&(>)-||7'D-fe;^t;iJ:o-CJ^J5e$n4. ±13 (1) fclBtt 
( 3 ) mFlB^- h mm^ifin.^^zrxi -fe >^ t J; -3 TJ^fig 

snsx ±ia (1) t:i3«©;5aj. 
(4) m^>f-Ymm$.ifi. mxtm. mem. wm^ 

*fcH:^©ffl-&^43<ttr^Ji-e««$*is> ±13 40 
(1) K:ffi«©:isaj. 

( 5 ) I5g3^i^- h mmt^ifim 5 nmWTOJPS fe^T 

±13 (1) t:lB«©:5^. 
( 6 ) 8513^- vm^ifiTfi U y 3 >$fcB:««fSfe^ 

T-«fig$n5> ±13 (1) {ci3e©;«Fffi. 

• ^-f v\f>vm-sm&^m. ±ia (i) cg3tt©:& 

( 8 ) MS^— hUH^IfiifJ 2 0 nm'^i^ 3 0 0 nm©!^ 

±g3 (1) t:g3«©:3Jt6. 50 
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(9) Xy'^jy (b) B5g3'!?'-h»«:±tvx^7$ 

±ga (1) K:g3«©:«rs. 

(10) lUgB^i^-h ' ^ (omaum&^ifi. ^<j> 

( 1 ) tffi«©;&&. 

(1 i) ;^7^5»r (c) • rD.-fe;;^ 

K:<toTllJi5*nSx ±13 (1) t3g3«©:5a5. 
(1 2) H5g3M;JttJ=-.>^>^ . rn-fe;^*!, JfilS^W 

±g3 (11) tc:g3tt©:)^^. 
(13) m^^^r "J yz7^ }\/ ' •p^jVh.if^ Jj^'J'SRK— 

T-inilYb^vf^S^trx ±83 (1) CgBtt©:&at. 

(1 4) v^T^'^/T" (d) ifi^ CVD, r^X^MB&eV 

D *5 J; v^^/^ 4"; > i^** e» «: ^misitiixtzPim 

f^fsST-D-fey^fcioTSIttlSnSx ±13(1) fcg3«© 

(15) T.y'KfVt (6) i»S^:^Ftt31Vf^>^ . T'a^y^ 

±g3 ( 1 ) t::g3«©:«ri*. 
(1 6) HiFg3^:5ttJ^«y^>i^ - T^o-b:^**. HF^W 
S«[5fe^x ±g3 ( 1 5 ) fc:gB«©;5ras. 
(1 7) Bfrg3:x'^— 9-*sMS43irr3i5;5^>i^fcj:^-r 

J&fiE^tiSx ±ffi ( 1 ) CgBtt©:*^. 

(18) H3ffij^-y^>rJ^-:^7='«>r3C)S. ^yJR^^y^^ 
XvS-&trS:)5tt:3i.:;5^>i^ . ro-fe;^S^trx ±g3 

(1 7) tcg3«©:&aso 

( 1 9) XT^'^r (g) 3bss:??1tJ^y5=->i' • rn-fex 
*^tf, ±13 (1) tci3®©:7?i£. 
(2 0) Bilg3M;&ttJi'y^>i^ • 7-o-feXtfia3!i^«R 

lET-o-fex*^, ±ga (1 9) K:g3tt©;?as. 

(21) T.y-vy (h) • r^'n-bx 

&^tr> ±g3 ( 1 ) fcg3«©;&i£. 

(2 2) H5g3^;Ef14:=-5;^>ir . T-o-b;^*!, 

tJs ±g3 ( 2 1 ) t:g3«©:«ras. 
(2 3) Hug3^:&^S3Iy^>^<l^K0HS^tt^ ±g3 
(21) K:g3e©;&a5. 

(2 4) (i) *s> SS;SttJcy^>i^ . ro-fe 

XtIJ;■pTll^S$^^S^ ±g3 ( 1 ) t:g3«©7?^. 

(2 5) Buffi«*14^s'5^>i^ • ro-bxtf. HF^;& 
ais/^-\'>h*^x ±13 (2 4) tg3«©*?S. 

(2 6) Hlrg3S«ft'K:i£^«J®«r}&fig^SX7^';;ri:^ 

miMk^%Wi:.n Lm«©jift«i#gijja<fe?&fiR-r sxt^ v 

ri:S^e.fc^tr^ ±g3 (l) K:g3«©:&as. 



13 

(27) i&mM^m<m^mmkmm^ ( cmo s 

I C) -efeoT. waJt:JBi«$fi.fcv->^a;«««*J; 

SCMOS IC. 

(2 8) BU§3S«*Sx S i. Ge> S iGe. I n A 
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